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Abstract
Hesperomyces virescens 7KD[WHU/DERXOEHQLDOHV/DERXOEHQLDFHDHLVDSDUDVLWLFIXQJXVWKDWLQIHFWV
ODG\EHHWOHV&ROHRSWHUD&RFFLQHOOLGDHYLDKRUL]RQWDOWUDQVPLVVLRQEHWZHHQDGXOWVDWRYHUZLQWHULQJ
DQGIHHGLQJVLWHV7KHGLIIHUHQWLDOEHKDYLRURIPDOHDQGIHPDOHKRVWVFRXOGKDYHSURIRXQGHIIHFWVRQ
LQWHQVLW\RILQIHFWLRQDQGSRVLWLRQLQJRIIXQJXVRQWKHKRVW¶VLQWHJXPHQW7KHLQIOXHQFHRIKRVWJHQGHU
RQLQIHFWLRQUDWHGHQVLW\DQGGLVWULEXWLRQRIWKLVSDUDVLWHRQWKHPXOWLFRORUHG$VLDQODG\EHHWOH
Harmonia axyridis 3DOODV&ROHRSWHUD&RFFLQHOOLGDHZDVGHWHUPLQHGDWDIHHGLQJVLWH$GXOW H.
axyridis ZHUHVDPSOHGIURPSHFDQ Carya illinoinensis :DQJHQK..RFKWUHHVLQQRUWKHUQ
0LVVLVVLSSL86$GXULQJVXPPHUDQGHDUO\IDOO±5HVXOWVLQGLFDWHGWKDWWKHEHKDYLRURIPDOH
RUIHPDOHEHHWOHVRQSHFDQWUHHVKDGRQO\DOLPLWHGHIIHFWRQWKHLQWHQVLW\RILQIHFWLRQ:KHQDYHUDJHG
RYHUWKHHQWLUHVHDVRQWKHSHUFHQWDJHRI H. axyridis LQIHFWHGZLWK H. virescens ZDVQRWLQIOXHQFHGE\
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RQWKHGHQVLW\DQGGLVWULEXWLRQRIWKHIXQJXV Hesperomyces virescens PDWXUHWKDOOLZHUHGHQVHURQ
PDOHUDWKHUWKDQIHPDOHEHHWOHV$OVRWKDOOXVGHQVLW\ZDVRIWHQJUHDWHVWRQWKHHO\WUDPHVRDQG
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Introduction
$VFRP\FHWRXV IXQJL LQ WKH RUGHU /DERXOEHQLDOHV
DUH NQRZQ DV HFWRSDUDVLWHV RI PLOOLSHGHV PLWHV
DQG LQVHFWV 7KD[WHU  7DYDUHV  
7DQDGD DQG .D\D  7KH RUGHU FRQWDLQV
QHDUO\  GHVFULEHG VSHFLHV ZRUOGZLGH  RI
ZKLFK SDUDVLWL]H EHHWOHV 6DQWDPDULD  :HLU
DQG %ODFNZHOO  $V IDU DV LV NQRZQ IXQJL LQ
WKLV RUGHU DUH ELRWURSKLF WKH\ VXUYLYH RQO\ RQ WKH
FHOOV RU WLVVXHV RI OLYLQJ KRVWV 5LFKDUGV DQG 6PLWK
 :KLVOHU  +RUL]RQWDO WUDQVPLVVLRQ RI
/DERXOEHQLDOHV EHWZHHQ DGXOW KRVWV LV WKH W\SLFDO
PRGH RI LQIHFWLRQ 9HUWLFDO WUDQVPLVVLRQ LV
UHSRUWHG IRU VHYHUDO VSHFLHV WKDW DWWDFN LQVHFWV
VXFK DV WHUPLWHV HDUZLJV DQG FRFNURDFKHV LQ
ZKLFK MXYHQLOH DQG DGXOW VWDJHV FRH[LVW 7KD[WHU
 :KLWQH\  ,QIHFWLRQ RFFXUV ZKHQ WKH
EDVDO FHOO RI D WZRFHOOHG DVFRVSRUH DWWDFKHV WR WKH
FXWLFOH RI D VXVFHSWLEOH DUWKURSRG ,Q
/DERXOEHQLDOHV VSHFLHV D KDXVWRULXP LV SURGXFHG
IURP WKH EDVDO FHOO WKDW SHQHWUDWHV WKURXJK WKH
FXWLFOH H[WHQGLQJ LQWR WKH KHPRFRHO RU LQWR
YDULRXV WLVVXHV RI WKH KRVW 7DYDUHV  :HLU
DQG %HDNHV  7KH FHOO RI WKH DVFRVSRUH
XQGHUJRHV UHSHDWHG PLWRWLF GLYLVLRQV WR SURGXFH
GLVWLQFW SDUWV RI WKH GHWHUPLQDWH WKDOOXV 7KH
WKDOOXV LV FRPSRVHG RI DQ DUUD\ RI FHOOV WKDW IRUP
WKH UHSURGXFWLYH RUJDQV RI WKH IXQJXV 7DYDUHV
 ,Q VRPH VSHFLHV WKDOOL UHDFK PDWXULW\
ZLWKLQ  ZN 6WUDQGEHUJ DQG 7XFNHU  'H
.HVHO  DQG FDQ KDYH D OLIHVSDQ RI XS WR  ZN
GXULQJVXPPHUFRQGLWLRQV'H.HVHO
$OWKRXJK /DERXOEHQLDOHV VSHFLHV DUH JHQHUDOO\
FRQVLGHUHG WR EH UDWKHU DYLUXOHQW DQG KDYH OLWWOH
GHWULPHQWDO HIIHFW RQ KRVWV 7DYDUHV  :HLU
DQG %HDNHV  WKHUH DUH VRPH H[FHSWLRQV
6RPH VSHFLHV PD\ UHGXFH KRVW OLIH VSDQ DQG HJJ
SURGXFWLRQ 6WUDQGEHUJ DQG 7XFNHU  UHGXFH
PRELOLW\ *HPHQR HW DO  RU FDXVH
SUHPDWXUH PRUWDOLW\ ZKHQ FOXVWHUV RI WKDOOL RQ
PRXWKSDUWV DQG DQWHQQDH LPSHGH IHHGLQJ
EHKDYLRU %UR /DUVHQ  Hesperomyces
virescens 7KD[WHU /DERXOEHQLDOHV
/DERXOEHQLDFHDH LV D SDUDVLWLF IXQJXV WKDW LQIHFWV
ODG\ EHHWOHV YLD KRUL]RQWDO WUDQVPLVVLRQ EHWZHHQ
DGXOWV DW RYHUZLQWHULQJ DQG IHHGLQJ VLWHV
.DPEXURY HW DO  UHSRUWHG WKDW H. virescens
LQIHFWHG XS WR  RI WKH DGXOWV RI D FRFFLQHOOLG
Chilocorus bipustulatus / LQ FLWUXV JURYHV LQ
,VUDHO UHVXOWLQJ LQ SUHPDWXUH PRUWDOLW\ RI KRVWV
+RZHYHU RWKHUV KDYH VXJJHVWHG WKDW ODFN RI SUH\
LQ WKH JURYHV UDWKHU WKDQ LQIHFWLRQ E\ H. virescens
ZDV SULPDULO\ UHVSRQVLEOH IRU WKH GHFOLQH RI C.
bipustulatus SRSXODWLRQV$SSOHEDXPHWDO
,QIHFWLRQ UDWH FDQ EH LQIOXHQFHG E\ KRVW GHQVLW\
RU DEXQGDQFH Laboulbenia phaeoxanthae
LQIHFWLRQ UDWH ZDV KLJKHVW ZKHQ WKH DEXQGDQFH RI
LWV FDUDELG KRVW ZDV ORZHVW DQG vice versa LQ WKH
ILHOG =HUP DQG $GLV  2WKHUV KDYH
VXJJHVWHG WKH RSSRVLWH SDWWHUQ WKDW LV LQIHFWLRQ
UDWH ZDV KLJKHVW ZKHQ KRVW GHQVLW\ ZDV KLJK
UDWKHUWKDQORZ'H.HVHO
+RVW JHQGHU PD\ LQIOXHQFH WKH LQFLGHQFH RI
LQIHFWLRQ &HUWDLQ VSHFLHV KDYH EHHQ NQRZQ WR
DWWDFN RQO\ PDOHV RU IHPDOHV %HQMDPLQ DQG
6KDQRU  DQG PDOH UDWKHU WKDQ IHPDOHV ZHUH
PRUH RIWHQ LQIHFWHG E\ /DERXOEHQLDOHV LQ WKH
ODERUDWRU\ 5LFKDUGV DQG 6PLWK  5LGGLFN DQG
6FKDHIHU  ,QIHFWLRQ FDQ EH UHVWULFWHG WR
VSHFLILF SRVLWLRQV RQ WKH KRVW 7KD[WHU 
5LFKDUGV  %HQMDPLQ DQG 6KDQRU 
5LFKDUGV DQG 6PLWK  %HQMDPLQ  5RVVL
DQG .RWUED  7HUDGD  7KDOOL ZHUH PRUH
SUHYDOHQW RQ WKH YHQWUXP RI PDOHV DQG WKH
GRUVXP RI IHPDOH EHHWOHV %HQMDPLQ DQG 6KDQRU
 :KLVOHU  $QGHUVHQ DQG 6NRUSLQJ 
:HOFK HW DO  DQG IOLHV :KLVOHU 
+HGVWURP  Laboulbeniales clivinalis WKDOOXV
GHQVLW\ ZDV JUHDWHVW GXULQJ WKH PDWLQJ VHDVRQ RI
LWV FDUDELG KRVW Clivina fossor 'H .HVHO 
7KDOOXV GLVWULEXWLRQ ZDV DIIHFWHG E\ KRVW JHQGHU
EXW RQO\ GXULQJ WKH PDWLQJ VHDVRQ RI C. fossor 'H
.HVHO
3K\VLFDO FRQWDFW EHWZHHQ KRVW PDOHV DQG IHPDOHV
ZKLOH PDWLQJ LV D SULPDU\ URXWH RI KRUL]RQWDO
WUDQVPLVVLRQ RI /DERXOEHQLDOHV %HQMDPLQ DQG
6KDQRU  :KLVOHU  :HOFK HW DO 
'LVWULEXWLRQ RI H. virescens RQ WKH YHQWUXP RI
PDOHV DQG GRUVXP RI IHPDOHV RI WKH WZRVSRW
ODG\ELUG EHHWOH Adalia bipunctata FRUUHVSRQGHG
WR WKH SRVLWLRQ RI D PDOH RQ WRS RI D IHPDOH ZKHQ
in-copula LQ VSULQJ DQG VXPPHU RI  DQG 
LQ /RQGRQ :HOFK HW DO  *DUFpV DQG
:LOOLDPV  LQGLFDWHG WKDW H. virescens
LQIHFWLRQ ZDV FRQFHQWUDWHG RQ WKH YHQWURSRVWHULRU
RI Harmonia axyridis PDOHV DQG WKH
GRUVRSRVWHULRU RI IHPDOHV IRXQG LQ FURS ILHOGV LQ
2KLRLQVXPPHU
1RQPDWLQJ SK\VLFDO FRQWDFW ZKLOH LQ
RYHUZLQWHULQJ DJJUHJDWLRQV FDQ DOVR EH LPSRUWDQW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH LQ WKH VSUHDG RI IXQJXV 'H .HVHO  5LGGLFN
DQG 6FKDHIHU  UHSRUWHG WKDW H. virescens
WKDOOL ZHUH FRQFHQWUDWHG RQ WKH GRUVXP DQG
YHQWUXP RI H. axyridis PDOHV ZLWKLQ DQ
RYHUZLQWHULQJ DJJUHJDWLRQ LQ 3HQQV\OYDQLD 86$
7KH\ VSHFXODWHG WKDW PDOH EHHWOHV ZHUH PRUH
DFWLYH DW WKH RYHUZLQWHULQJ VLWH DQG RIWHQ FUDZOHG
RQ DQG RYHU RWKHU FRQVSHFLILFV WKXV SURPXOJDWLQJ
WKH VSUHDG RI IXQJXV WR ERWK GRUVDO DQG YHQWUDO
ERG\ VXUIDFHV UHJDUGOHVV RI JHQGHU ,Q FRQWUDVW
WKDOOL ZHUH GLVWULEXWHG SULPDULO\ RQ WKH GRUVXP RI
H. axyridis IHPDOHV 5LGGLFN DQG 6FKDHIHU 
DV H[SHFWHG YLD KRVW PDWLQJ EHKDYLRU 6LQFH
PDWLQJ FDQ RFFXU DW DJJUHJDWLRQ VLWHV EHIRUH
EHHWOHV GLVSHUVH LQ HDUO\ VSULQJ VHH 1DOHSD HW DO
 ERWK PDWLQJ DQG QRQPDWLQJ FRQWDFWV
EHWZHHQ LQIHFWHG DQG XQLQIHFWHG FRQVSHFLILFV DUH
OLNHO\UHVSRQVLEOHIRUVSUHDGRIWKLVIXQJXV
7KH GHQVLW\ DQG GLVWULEXWLRQ RI H. virescens RQ H.
axyridis GXULQJ WKH VXPPHU LQ 1RUWK $PHULFD
PLJKW FORVHO\ UHVHPEOH ZKDW ZRXOG EH H[SHFWHG LI
KRVW PDWLQJ ZDV SULPDULO\ UHVSRQVLEOH IRU
WUDQVPLVVLRQ VLQFH H. axyridis DGXOWV DUH QRW
NQRZQ WR XQGHUJR DHVWLYDWLRQ L H IDFXOWDWLYH
GRUPDQF\ RU UHSURGXFWLYH GLDSDXVH 7KXV WKH
REMHFWLYHV RI WKLV VWXG\ ZHUH WR GHWHUPLQH WKH
LQIOXHQFH RI KRVW JHQGHU RQ LQIHFWLRQ UDWH DQG WKH
GHQVLW\ DQG GLVWULEXWLRQ RI H. virescens RQ H.
axyridis GXULQJVXPPHUDQGHDUO\IDOO
Materials and Methods
Collection of lady beetles
/DG\ EHHWOHV ZHUH FROOHFWHG IURP WKH IROLDJH RI
IRXU DGMDFHQW SHFDQ WUHHV Carya illinoinensis
:DQJHQK . .RFK JURZLQJ RQ WKH FDPSXV RI
0LVVLVVLSSL 6WDWH 8QLYHUVLW\ 2NWLEEHKD &R 06
 P HOHYDWLRQ   1   :
7KH IRXU WUHHV ZHUH ZLWKLQ DQ DUHD RI
DSSUR[LPDWHO\  KD WKH DYHUDJH GLVWDQFH
EHWZHHQ WUHHV ZDV  P DQG WUHH KHLJKW GLG QRW
H[FHHG  P LQ WKH VXPPHU RI  %HHWOHV ZHUH
FDSWXUHG IURP WUHH IROLDJH IURP -XO\ WR 2FWREHU
 DQG -XQH WR 2FWREHU  E\ H[WHQGLQJ DQ
DHULDO LQVHFW QHW  FP GLDP %LR4XLS
ZZZ%LR4XLSFRP RYHU WKH RXWHUPRVW  WR 
FP RI ORZO\LQJ OLPEV RI HDFK WUHH 7KHVH
DFFHVVLEOH WUHH OLPEV XVXDOO\ KXQJ IURP  WR  P
DERYH WKH JURXQG %HHWOHV ZHUH WUDSSHG ZLWKLQ D
PO SRO\HWK\OHQH YLDO 'DLJJHU
ZZZGDLJJHUFRP DQG UHPRYHG IURP WKH QHW
8VXDOO\  EXW VRPHWLPHV XS WR  EHHWOHV ZHUH
SODFHG LQ WKH VDPH YLDO $OO YLDOV ZHUH SODFHG LQ D
VPDOOFRROHUDQGUHWXUQHGWRWKHODERUDWRU\
6DPSOLQJ ZDV FRQGXFWHG EHWZHHQ  DQG 
KUV LQ   DQG  KUV LQ  7KH
PHDQ  6(0 VDPSOH WLPH SHU FROOHFWLRQ GDWH ZDV
   PLQ DQG    PLQ LQ  DQG
 VHDVRQV UHVSHFWLYHO\ Q    GDWHV LQ 
DQG  VHDVRQV 7KH PHDQ  6(0 WHPSHUDWXUH
DQG KXPLGLW\ DV UHFRUGHG ZLWK D KDQGKHOG
K\JURPHWHUWHPSHUDWXUH UHFRUGHU DW WKH HQG RI
HDFK FROOHFWLRQ WLPH SHULRG ZHUH    &
DQG     5+ LQ  Q    GDWHV DQG
   & DQG     5+ LQ  Q  
 GDWHV $ WRWDO RI  DQG  H. axyridis PDOHV
DQG IHPDOHV UHVSHFWLYHO\ ZHUH FDSWXUHG GXULQJ
VDPSOLQJ SHULRGV LQ  $ WRWDO RI  DQG 
PDOHV DQG IHPDOHV UHVSHFWLYHO\ ZHUH FDSWXUHG LQ

Infection rate
,Q  EHHWOHV ZHUH VH[HG E\ QRWLQJ WKH VKDSH
DQG DSSHDUDQFH RI WKH ODVW WZR DEGRPLQDO
VWHUQLWHV RI H. axyridis IHPDOHV DQG PDOHV
XQSXEOLVKHG REVHUYDWLRQV DQG WKHQ SODFHG
LQGLYLGXDOO\ LQ D FOHDQ PO SRO\HWK\OHQH YLDO
DQG PDLQWDLQHG LQ D UHIULJHUDWRU DW ± &
2IWHQ RQ WKH VDPH GD\ RI FROOHFWLRQ DQG QR PRUH
WKDQ  GD\V SRVWFROOHFWLRQ EHHWOHV ZHUH
UHPRYHG IURP YLDOV DQG H[DPLQHG IRU WKH
SUHVHQFH RI H. virescens PDWXUH WKDOOL ,QIHFWHG
EHHWOHV L H WKRVH LQGLYLGXDOV WKDW KDG DW OHDVW
RQH PDWXUH WKDOOXV RQ WKH LQWHJXPHQW ZHUH
LPPHGLDWHO\ SUHVHUYHG LQGLYLGXDOO\ E\ GURSSLQJ
LQWR D  PO SRO\SURS\OHQH FU\RYLDO FRQWDLQLQJ
 HWKDQRO YY 7KLV ZDV D YHU\ FRQVHUYDWLYH
HVWLPDWH RI LQIHFWLRQ 0RUSKRORJLFDO FKDUDFWHUV RI
PDWXUH WKDOOL UDWKHU WKDQ DVFRVSRUHV RU
GHYHORSLQJ WKDOOL DUH PRVW RIWHQ XVHG WR
UHFRJQL]H /DERXOEHQLDOHV VSHFLHV 7KH
PRUSKRORJ\ RI LPPDWXUH DQG PDWXUH H. virescens
KDV EHHQ UHSRUWHG SUHYLRXVO\ VHH :HLU DQG
%HDNHV  $ PDWXUH WKDOOL DQG DQ LPDJH RI DQ
LQIHFWHG ODG\ EHHWOH DUH VKRZQ LQ )LJXUH  7KH
SHUFHQWDJH RQ H. axyridis PDOHV DQG IHPDOHV
LQIHFWHG ZLWK H. virescens ZDV GHWHUPLQHG IRU
HDFK FROOHFWLRQ GDWH DQG IRU WKH VHDVRQ  DQG

Thallus density and distribution
7KH QXPEHU RI H. virescens PDWXUH
IXOO\GHYHORSHG WKDOOL RQ LQIHFWHG H. axyridis
DGXOWV LQ UHODWLRQ WR KRVW JHQGHU DQG ERG\ SDUW
LH KHDG DQWHQQDH SURQRWXP HWF ZDV
GHWHUPLQHG E\ XVLQJ EHHWOHV FDSWXUHG IURP WKH
ILHOG VLWH LQ  'DWD ZHUH VXEGLYLGHG E\ PRQWK
RI FROOHFWLRQ WR GHWHUPLQH LI WKHUH ZDV DQ\ WUHQG
LQ SDWWHUQ RI WKDOOXV GHQVLW\ RQ EHHWOHV DV WKH
VHDVRQ SURJUHVVHG IURP -XO\ WKURXJK 2FWREHU
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$OVR GDWD ZHUH SRROHG DFURVV DOO FROOHFWLRQ GDWHV
WR JHQHUDWH D VHDVRQDO DYHUDJH (DFK EHHWOH VHUYHG
DV D UHSOLFDWH 7KHLU DJH ZDV XQNQRZQ $
VWHUHR]RRP PLFURVFRSH  ; WR  ;
PDJQLILFDWLRQ ZDV XVHG IRU FRXQWLQJ IXQJDO WKDOOL
RQ ERG\ SDUWV RI PDOHV DQG IHPDOHV %RG\ SDUWV
ZLWK FRGH ZHUH WKH IROORZLQJ DQWHQQDH $Q
KHDG +H LQFOXGLQJ PRXWKSDUWV H\HV SDOSL
SURQRWXP 3UR OHIW HO\WURQ (O/ ULJKW HO\WURQ
(O5 SURWKRUD[ 3W PHVR DQG PHWDWKRUD[
FRPELQHG 00W DEGRPHQ $E ULJKW IRUHOHJ 
5OHIWIRUHOHJ/ULJKWPLGOHJ5OHIWPLGOHJ
/ULJKWKLQGOHJ5DQGOHIWKLQGOHJ/
7KH SHUFHQWDJH RI LQIHFWHG EHHWOHV PDOHV YV
IHPDOHV ZLWK WKDOOL GLVWULEXWHG RQ NH\ ERG\ SDUWV
LQFOXGLQJ HO\WUD OHIW DQG ULJKW HO\WURQ FRPELQHG
PHVR DQG PHWDWKRUD[ DQG DEGRPHQ ZDV
GHWHUPLQHG IRU HDFK PRQWK IURP -XO\ WKURXJK
2FWREHU DQG IRU WKH HQWLUH VHDVRQ XVLQJ WKH VDPH
 GDWD VHW 3HUFHQWDJH GDWD ZHUH QRW DOO
LQFOXVLYH EHFDXVH WKH VDPH LQGLYLGXDOV ZHUH XVHG
IRU WKH DQDO\VLV RI WKH WKUHH ERG\ SDUWV RQ D JLYHQ
FROOHFWLRQ GDWH $ WRWDO RI  DQG  LQIHFWHG
PDOHV DQG IHPDOHV UHVSHFWLYHO\ IURP D WRWDO RI 
FROOHFWLRQGDWHVZHUHFROOHFWHGLQ
,Q  EHHWOHV ZHUH QRW SUHVHUYHG LQ DOFRKRO
LQVWHDG WKH\ ZHUH VH[HG DQG NHSW ZLWKLQ
LQGLYLGXDO PO SRO\HWK\OHQH YLDOV DQG
PDLQWDLQHG LQ WKH UHIULJHUDWRU DW ± & 8VXDOO\
RQ WKH VDPH GD\ RI FROOHFWLRQ EHHWOHV ZHUH
H[DPLQHG IRU WKH SUHVHQFH RI H. virescens$ V
EHIRUH LQIHFWHG EHHWOHV ZHUH WKRVH WKDW KDG RQH RU
PRUH PDWXUH WKDOOXV RQ WKHLU LQWHJXPHQW 7KH
ODERULRXV WDVN RI FRXQWLQJ PDWXUH WKDOOL RQ
LQIHFWHG EHHWOHV ZDV QRW XQGHUWDNHQ LQ 
+RZHYHU WKH SHUFHQWDJH RI LQIHFWHG EHHWOHV
PDOHV YV IHPDOHV ZLWK WKDOOL GLVWULEXWHG RQ NH\
ERG\ SDUWV DV LGHQWLILHG LQ  FRXQWV ZDV
GHWHUPLQHG IRU HDFK PRQWK -XQH WKURXJK
2FWREHU DQG IRU WKH HQWLUH VHDVRQ LQ  $V
EHIRUH SHUFHQWDJH GDWD ZHUH QRW DOO LQFOXVLYH
EHFDXVH WKH VDPH LQGLYLGXDOV ZHUH XVHG IRU WKH
DQDO\VLV RI WKH WKUHH ERG\ SDUWV RQ D JLYHQ
FROOHFWLRQ GDWH $ WRWDO RI  DQG  LQIHFWHG PDOHV
DQG IHPDOHV UHVSHFWLYHO\ IURP D WRWDO RI 
FROOHFWLRQGDWHVFROOHFWHGLQ
9RXFKHU VSHFLPHQV RI WKH IXQJXV RQ H. axyridis
DGXOWV DUH FXUUHQWO\ KHOG DW WKH 86'$$56
%LRORJLFDO &RQWURO RI 3HVWV 5HVHDUFK 8QLW
6WRQHYLOOH 06 7KH IXQJXV ZDV LGHQWLILHG WR
VSHFLHV E\ $ :HLU 681< 6\UDFXVH 1HZ <RUN
IRUDSUHYLRXVVWXG\5LGGLFNDQG6FKDHIHU
Data analysis
'DWD ZHUH DQDO\]HG IROORZLQJ D FRPSOHWHO\
UDQGRPL]HG GHVLJQ $ 3HDUVRQ¶V FRUUHODWLRQ
DQDO\VLV ZDV XVHG WR GHWHUPLQH LI WKH QXPEHU RI
EHHWOHV FDSWXUHG RQ HDFK GDWH FRUUHODWHG ZLWK
GDLO\ LQIHFWLRQ UDWH DQG D 6WXGHQW¶V tWHVW ZDV XVHG
WR GHWHUPLQH WKH VLJQLILFDQFH RI KRVW JHQGHU RQ
VHDVRQORQJ LQIHFWLRQ UDWH LQ  DQG  $
WZRIDFWRU DQDO\VLV RI YDULDQFH $129$ ZDV XVHG
WR WHVW IRU WKH LQIOXHQFH RI KRVW JHQGHU DQG ERG\
SDUW RQ WRWDO QXPEHU RI PDWXUH H. virescens WKDOOL
SHU EHHWOH IRU HDFK PRQWK DQG IRU D SRROHG
VHDVRQDO DYHUDJH LQ  7KUHH LQGHSHQGHQW
tWHVWV ZHUH XVHG WR GHWHUPLQH WKH VLJQLILFDQFH RI
KRVW JHQGHU RQ WKH SHUFHQWDJH RI EHHWOHV
KDUERULQJ PDWXUH WKDOOL RQ HO\WUD PHVR DQG
PHWDWKRUD[ DQG DEGRPHQ IRU PRQWKO\ DYHUDJHV
H[FHSW LQ -XQH  ZKLFK KDG RQO\ D VLQJOH
FROOHFWLRQ GDWH DQG IRU D SRROHG VHDVRQDO DYHUDJH
LQ  DQG  $EVROXWH GDWD ZHUH
VTXDUHURRW WUDQVIRUPHG DQG SHUFHQWDJH GDWD
ZHUH DUFVLQHWUDQVIRUPHG SULRU WR DQDO\VLV =DU
 DQG D +ROP6LGDN PXOWLSOH FRPSDULVRQ WHVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ZDV XVHG IRU VHSDUDWLRQ RI PHDQV DIWHU $129$
6LJPD6WDW  0HDQV ZHUH FRQVLGHUHG
VLJQLILFDQWO\ GLIIHUHQW ZKHQ P   6WDWLVWLFDO
DQDO\VHV ZHUH SHUIRUPHG ZLWK 6LJPD6WDW 
VRIWZDUH2QO\XQWUDQVIRUPHGGDWDDUHSUHVHQWHG
Results
Infection rate
7KH SHUFHQWDJH RI H. axyridis PDOHV LQIHFWHG ZLWK
H. virescens QHYHU IHOO EHORZ  RQ DQ\
FROOHFWLRQ GDWH LQ  )LJXUH $ ,QIHFWLRQ
UDWHV IRU IHPDOHV IOXFWXDWHG FRQVLGHUDEO\ QRQH
ZHUH LQIHFWHG RQ RQH GDWH LQ -XO\ DQG LQ 2FWREHU
DQG  ZHUH LQIHFWHG RQ RQH GDWH LQ 6HSWHPEHU
 ,Q  D VLJQLILFDQW FRUUHODWLRQ EHWZHHQ
WKH SHUFHQWDJH RI PDOHV LQIHFWHG DQG WKH QXPEHU
RI PDOHV FDSWXUHG ZDV HYLGHQW r   ï P 
 Q    FROOHFWLRQ GDWHV LQIHFWLRQ UDWH
LQFUHDVHG DV PDOH DEXQGDQFH GHFUHDVHG 1R
FRUUHODWLRQ ZDV IRXQG EHWZHHQ WKH SHUFHQWDJH RI
IHPDOHV LQIHFWHG DQG WKH QXPEHU RI IHPDOHV
FDSWXUHG r    P    Q    7KH PHDQ
 6(0 VHDVRQORQJ LQIHFWLRQ UDWH LQ  ZDV
   DQG    IRU PDOHV DQG IHPDOHV
UHVSHFWLYHO\ Q    PDOHV  IHPDOHV +RVW
JHQGHU KDG QR LQIOXHQFH RQ VHDVRQORQJ LQIHFWLRQ
UDWH LQ  t     P    Q   
REVHUYDWLRQV
,Q  WKH SHUFHQWDJH RI H. axyridis PDOHV DQG
IHPDOHV LQIHFWHG ZLWK H. virescens H[FHHGHG 
IURP PLG-XQH WKURXJK -XO\ )LJXUH % /HVV
WKDQ  DQG  RI PDOHV DQG IHPDOHV
UHVSHFWLYHO\ ZHUH LQIHFWHG ZLWK H. virescens IURP
PLG6HSWHPEHU WKURXJK 2FWREHU  7KH
SHUFHQWDJH RI PDOHV RU IHPDOHV LQIHFWHG ZLWK H.
virescens ZDV QRW FRUUHODWHG ZLWK WKH QXPEHU RI
PDOHV RU IHPDOHV FDSWXUHG PDOHV r   ï P  
 Q    IHPDOHV r   ï P    Q   
7KH PHDQ  6(0 VHDVRQORQJ LQIHFWLRQ UDWH LQ
 ZDV    DQG    IRU PDOHV
DQG IHPDOHV UHVSHFWLYHO\ Q    PDOHV 
IHPDOHV +RVW JHQGHU KDG QR LQIOXHQFH RQ
VHDVRQORQJ LQIHFWLRQ UDWH LQ  t    
P  Q REVHUYDWLRQV
6HYHUDO RWKHU FRFFLQHOOLGV ZHUH FROOHFWHG RQ SHFDQ
LQ WKLV VWXG\ $ VLQJOH Hippodamia convergens
*XHULQ0HQHYLOOH DGXOW ZDV FDSWXUHG RQ 
6HSWHPEHU  DW WKH VLWH LW ZDV QRW LQIHFWHG
2QH Olla vnigrum 0XOVDQW DGXOW ZDV FDSWXUHG
DW WKH VLWH RQ  $XJXVW  DQG DQRWKHU DGXOW
ZDV FDSWXUHG RQ  $XJXVW  QHLWKHU RQH ZDV
LQIHFWHG ZLWK IXQJXV 7ZR Cycloneda sanguinea
/ DGXOWV ZHUH FROOHFWHG DW WKH VLWH LQ  RQH
RQ  -XO\ DQG DQRWKHU RQ  2FWREHU 1HLWKHU
RQH ZDV LQIHFWHG ZLWK H. virescens 7KH JHQGHU RI
WKHVHLQGLYLGXDOVZDVQRWGHWHUPLQHG
Thallus density and distribution in 2003
,Q -XO\  WKH LQWHUDFWLRQ RI KRVW JHQGHU DQG
ERG\ SDUW ZDV VLJQLILFDQW F      P 
 0RUH H. virescens PDWXUH WKDOOL ZHUH
IRXQG RQ WKH HO\WUD RI H. axyridis IHPDOHV WKDQ
PDOHV DQG PRUH WKDOOL ZHUH IRXQG RQ WKH PHVR
DQG PHWDWKRUD[ DEGRPHQ PLGOHJV DQG KLQGOHJV
RI PDOHV WKDQ IHPDOHV )LJXUH $ ,UUHVSHFWLYH RI
ERG\ SDUW PDOH UDWKHU WKDQ IHPDOH EHHWOHV KRVWHG
PRUH IXQJDO WKDOOL F      P   
0DOH EHHWOHV KDG PRUH WKDOOL RQ WKH YHQWUXP WKDQ
WKH GRUVXP IHPDOH EHHWOHV KDG WKDOOL UHVWULFWHG WR
WKH GRUVXP ,UUHVSHFWLYH RI JHQGHU PRUH WKDOOL
ZHUH IRXQG RQ WKH HO\WUD DEGRPHQ DQG PHVR DQG
PHWDWKRUD[ WKDQ RWKHU ERG\ SDUWV F    
 P   ,Q -XO\  DQG  RI LQIHFWHG
H. axyridis PDOHV DQG IHPDOHV UHVSHFWLYHO\ KDG
H. virescens PDWXUH WKDOOL RQ WKH HO\WUD )LJXUH
$ DQG KRVW JHQGHU ZDV LQIOXHQWLDO t    
P   2QO\ PDOH EHHWOHV KDG PDWXUH WKDOOL
RQ WKH PHVR DQG PHWDWKRUD[ DQG DEGRPHQ
GXULQJWKLVPRQWK
,Q $XJXVW WKH LQWHUDFWLRQ RI KRVW JHQGHU DQG ERG\
SDUW ZDV VLJQLILFDQW F      P  
0RUH PDWXUH WKDOOL ZHUH IRXQG RQ PHVR DQG
PHWDWKRUD[ DQG OHJV RI PDOHV WKDQ IHPDOHV
)LJXUH % +RVW JHQGHU KDG D VLJQLILFDQW
LQIOXHQFH RQ WKDOOXV GHQVLW\ F      P  
 PDOHV KRVWHG PRUH WKDOOL WKDQ IHPDOHV
7KDOOL ZHUH IRXQG RQ WKH GRUVXP DQG YHQWUXP RI
PDOHV EXW IHPDOHV KDG WKDOOL SULPDULO\ RQ WKH
GRUVXP %RG\ SDUW KDG D VLJQLILFDQW LQIOXHQFH RQ
WKDOOXV GHQVLW\ F      P  
ZLWK PRUH WKDOOL SUHVHQW RQ WKH HO\WUD WKDQ RWKHU
ERG\ SDUWV ,Q $XJXVW PRUH WKDQ  RI LQIHFWHG
PDOHV DQG IHPDOHV KDG PDWXUH WKDOOL RQ WKH HO\WUD
)LJXUH % DQG KRVW JHQGHU GLG QRW KDYH D
VLJQLILFDQW LQIOXHQFH RQ WKDOOXV GLVWULEXWLRQ t  
  P    $ JUHDWHU SHUFHQWDJH RI PDOHV
WKDQ IHPDOHV KDG PDWXUH WKDOOL RQ WKH PHVR DQG
PHWDWKRUD[ t     P   DQG DEGRPHQ
t   P  
,Q 6HSWHPEHU H. virescens WKDOOL DSSHDUHG
VRPHZKDW OHVV GHQVH RQ WKH GRUVXP RI IHPDOHV
WKDQ LQ DQ\ RWKHU PRQWK )LJXUH & 7KH
LQWHUDFWLRQ RI KRVW JHQGHU DQG ERG\ SDUW ZDV
VLJQLILFDQW F      P    PRUH
PDWXUH WKDOOL ZHUH IRXQG RQ PHVR DQG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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$XJXVW6HSWHPEHU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-XQH-XO\$XJXVW6HSWHPEHUDQG2FWREHU
PHWDWKRUD[ DQG DEGRPHQ RI PDOHV WKDQ IHPDOHV
+RVW JHQGHU KDG D VLJQLILFDQW LQIOXHQFH RQ WKDOOXV
GHQVLW\ F      P   PDOHV
KRVWHG PRUH WKDOOL WKDQ IHPDOHV 0DOH EHHWOHV KDG
WKDOOL VLWXDWHG RQ WKH GRUVXP DQG YHQWUXP
ZKHUHDV IHPDOHV KDG WKDOOL SULPDULO\ RQ WKH
GRUVXP 5HJDUGOHVV RI JHQGHU ERG\ SDUW KDG D
VLJQLILFDQW LQIOXHQFH RQ WKDOOXV GHQVLW\ F   
  P   PRUH WKDOOL ZHUH SUHVHQW RQ
WKH HO\WUD WKDQ RWKHU ERG\ SDUWV H[FHSW WKH PHVR
DQG PHWDWKRUD[ DQG DEGRPHQ ,Q 6HSWHPEHU 
DQG  RI PDOHV DQG IHPDOHV UHVSHFWLYHO\ KDG
PDWXUH WKDOOL RQ HO\WUD )LJ & KRVW JHQGHU ZDV
LQIOXHQWLDO t     P   2QO\ PDOH
EHHWOHV KDG PDWXUH WKDOOL RQ WKH PHVR DQG
PHWDWKRUD[ GXULQJ WKLV PRQWK $ JUHDWHU
SHUFHQWDJH RI PDOHV WKDQ IHPDOHV KDG PDWXUH
WKDOOLRQWKHDEGRPHQt   P  
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00W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
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Q REVHUYDWLRQVPDOHVIHPDOHVLQ6HSWHPEHUQ REVHUYDWLRQVPDOHVIHPDOHV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2FWREHUREVHUYDWLRQVPDOHVIHPDOHV)RUWKHVHDVRQQ REVHUYDWLRQVPDOHVIHPDOHV
,Q 2FWREHU WKH LQWHUDFWLRQ RI KRVW JHQGHU DQG
ERG\ SDUW ZDV QRW VLJQLILFDQW F      P
   )LJXUH ' +RVW JHQGHU KDG QR VLJQLILFDQW
LQIOXHQFH RQ WKDOOXV GHQVLW\ F      P  
 5HJDUGOHVV RI KRVW JHQGHU ERG\ SDUW KDG D
VLJQLILFDQW LQIOXHQFH RQ WKDOOXV GHQVLW\ F    
  P   PRUH WKDOOL ZHUH SUHVHQW RQ
WKH HO\WUD WKDQ RWKHU ERG\ SDUWV H[FHSW WKH
DEGRPHQ ,Q 2FWREHU  DQG  RI PDOHV DQG
IHPDOHV UHVSHFWLYHO\ KDG PDWXUH WKDOOL RQ WKH
HO\WUD )LJ ' DQG KRVW JHQGHU ZDV LQIOXHQWLDO t
    P   +RVW JHQGHU KDG QR
VLJQLILFDQW LQIOXHQFH RQ WKDOOXV GLVWULEXWLRQ RQ WKH
PHVR DQG PHWDWKRUD[ t     P    RU
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PDOHV
IHPDOHV
DEGRPHQ t     P    EHFDXVH RI ORZ
VDPSOHVL]H
:KHQ WKH GHQVLW\ GDWD ZHUH SRROHG DFURVV WKH
VHDVRQ -XO\2FWREHU  WKH LQWHUDFWLRQ RI KRVW
JHQGHU DQG ERG\ SDUW ZDV VLJQLILFDQW F    
 P   0RUH WKDOOL ZHUH IRXQG RQ WKH
OHIW DQG ULJKW HO\WURQ RI IHPDOHV WKDQ PDOHV DQG
PRUH WKDOOL ZHUH IRXQG RQ WKH PHVR DQG
PHWDWKRUD[ PLGOHJV DQG KLQGOHJV RI PDOHV WKDQ
IHPDOHV )LJXUH ( )HPDOHV DYHUDJHG PRUH WKDQ
 PDWXUH WKDOOL RQ ERWK WKH OHIW DQG ULJKW HO\WURQ
LQ  DQG PDOHV DYHUDJHG PRUH WKDQ  PDWXUH
WKDOOL RQ WKH PHVR DQG PHWDWKRUD[ DV ZHOO DV RQ
WKH DEGRPHQ 6LJQLILFDQWO\ PRUH PDWXUH WKDOOL
ZHUH IRXQG RQ PDOHV WKDQ IHPDOHV LUUHVSHFWLYH RI
ERG\ SDUW IRU WKH VHDVRQ F      P 
 6LJQLILFDQWO\ PRUH WKDOOL ZHUH SUHVHQW RQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKH HO\WUD WKDQ RQ DQ\ RWKHU ERG\ SDUW F   
  P   5HODWLYHO\ IHZ DGXOWV KDG
WKDOOL RQ DQWHQQDH RU PRXWKSDUWV DQG WKDOOXV
GHQVLW\RQWKHVHERG\SDUWVZDVYHU\ORZ
:KHQ DOO GLVWULEXWLRQ GDWD ZHUH DYHUDJHG DFURVV
WKH  VHDVRQ DSSUR[LPDWHO\  DQG  RI
LQIHFWHG H. axyridis PDOHV DQG IHPDOHV
UHVSHFWLYHO\ KDG PDWXUH WKDOOL RQ HO\WUD )LJXUH
( $ JUHDWHU SHUFHQWDJH RI IHPDOHV WKDQ PDOHV
KDG PDWXUH WKDOOL RQ WKH HO\WUD t     P 
 DQG D JUHDWHU SHUFHQWDJH RI PDOHV WKDQ
IHPDOHV KDG PDWXUH WKDOOL RQ WKH PHVR DQG
PHWDWKRUD[ t     P   DQG DEGRPHQ
t   P 
Thallus distribution in 2004
,Q -XQH  RQO\ RQH FROOHFWLRQ GDWH PRUH
WKDQ  RI LQIHFWHG H. axyridis PDOHV DQG
IHPDOHV KDG PDWXUH H. virescens WKDOOL RQ WKH
HO\WUD DQG D FRQVLGHUDEO\ ORZHU SHUFHQWDJH KDG
WKDOOL RQ PHVR DQG PHWDWKRUD[ DQG DEGRPHQ ,Q
-XO\  DQG  RI H. axyridis PDOHV DQG
IHPDOHV UHVSHFWLYHO\ KDG PDWXUH WKDOOL RQ WKH
HO\WUD )LJXUH $ DQG KRVW JHQGHU ZDV PDUJLQDOO\
LQIOXHQWLDO t     P    $ JUHDWHU
SHUFHQWDJH RI PDOHV WKDQ IHPDOHV KDG WKDOOL RQ WKH
PHVR DQG PHWDWKRUD[ t     P    DQG
DEGRPHQ t     P    GXULQJ WKLV
PRQWK ,Q $XJXVW DW OHDVW  DQG  RI
LQIHFWHG PDOHV DQG IHPDOHV UHVSHFWLYHO\ KDG
PDWXUH WKDOOL RQ WKH HO\WUD )LJXUH % +RVW
JHQGHU ZDV QRW LQIOXHQWLDO t     P   
EHFDXVH RI KLJK YDULDQFH 1HLWKHU PDOHV QRU
IHPDOHV KDG H. virescens PDWXUH WKDOOL RQ WKH
PHVR DQG PHWDWKRUD[ RU DEGRPHQ ,Q
6HSWHPEHU  DQG  RI LQIHFWHG PDOHV DQG
IHPDOHV UHVSHFWLYHO\ KDG PDWXUH WKDOOL RQ WKH
HO\WUD )LJ & +RVW JHQGHU ZDV QRW LQIOXHQWLDO t
    P    EHFDXVH RI KLJK YDULDQFH 2QO\
PDOH EHHWOHV KDG PDWXUH WKDOOL RQ WKH PHVR DQG
PHWDWKRUD[ DQG DEGRPHQ GXULQJ WKLV PRQWK ,Q
2FWREHU  DQG  RI LQIHFWHG PDOHV DQG
IHPDOHV UHVSHFWLYHO\ KDG PDWXUH WKDOOL RQ WKH
HO\WUD )LJXUH ' DQG KRVW JHQGHU ZDV QRW
LQIOXHQWLDO t     P    EHFDXVH RI KLJK
YDULDQFH DQG ORZ VDPSOH VL]H 2QO\ PDOHV KDG
PDWXUH WKDOOL RQ WKH PHVR DQG PHWDWKRUD[
QHLWKHU PDOHV QRU IHPDOHV KDG WKDOOL RQ WKH
DEGRPHQ
:KHQ DOO WKDOOXV GLVWULEXWLRQ GDWD ZHUH SRROHG
DFURVV WKH  VHDVRQ DSSUR[LPDWHO\  DQG
 RI LQIHFWHG H. axyridis PDOHV DQG IHPDOHV
UHVSHFWLYHO\ KDG PDWXUH WKDOOL RQ WKH HO\WUD
)LJXUH ( $ JUHDWHU SHUFHQWDJH RI IHPDOHV WKDQ
PDOHV KDG PDWXUH WKDOOL RQ WKH HO\WUD t    
P    DQG D JUHDWHU SHUFHQWDJH RI PDOHV WKDQ
IHPDOHV KDG PDWXUH WKDOOL RQ WKH PHVR DQG
PHWDWKRUD[ t     P    DQG DEGRPHQ
t   P  
Discussion
Infection rate
$OWKRXJK WKLV VWXG\ RQO\ HVWLPDWHG H. virescens
LQIHFWLRQ RI H. axyridis DW RQH VLWH WKH IDFW WKDW
VHDVRQDO LQIHFWLRQ UDWHV ZHUH RQ DYHUDJH DERYH
 LQ FRQVHFXWLYH VHDVRQV VXJJHVWV WKDW WKLV
SDUDVLWHKRVW DVVRFLDWLRQ LV HVWDEOLVKHG LQ
QRUWKHDVWHUQ 0LVVLVVLSSL ,Q DGGLWLRQ H.
virescens LQIHFWLRQ UDWHV UDQJLQJ IURP  WR 
Q    DQG  WR  Q    RI H. axyridis
PDOHV DQG IHPDOHV UHVSHFWLYHO\ ZHUH REVHUYHG DW
PDQPDGH VWUXFWXUHV LQ QRUWKHDVWHUQ DQG
VRXWKZHVWHUQ 06 GXULQJ HDUO\ WR PLG1RYHPEHU
 XQSXEOLVKHG REVHUYDWLRQV Harmonia
axyridis ZDV ILUVW HVWDEOLVKHG LQ 1RUWK $PHULFD LQ
/RXLVLDQD DQG 0LVVLVVLSSL LQ  DQG 
UHVSHFWLYHO\ &KDSLQ DQG %URX  DQG KDV
EHFRPH DQ LPSRUWDQW SUHGDWRU RI DSKLGV LQ
VHYHUDO DJURHFRV\VWHPV VHH %URZQ 
5XWOHGJH HW DO  DV ZHOO DV D QXLVDQFH SHVW LQ
KRXVHV VHH 1DOHSD HW DO  5LGGLFN DQG
$OGULFK  ,Q DQ\ FDVH H. axyridis KDV QRW
EHHQ UHSRUWHG SUHYLRXVO\ WR VHUYH DV KRVW RI H.
virescens LQWKHVRXWKHDVWHUQ86$XQWLOQRZ
H. virescens ZDV IRXQG RQ H. convergens LQ
$ODEDPD 7KD[WHU  RQ O. vnigrum LQ )LML
:HLU DQG %HDNHV  DQG *HRUJLD 86$ 7
&RWWUHOO XQSXEOLVKHG GDWD DQG RQ C. sanguinea
LQ (QJODQG 7DYDUHV  7KH JHRJUDSKLFDO
UDQJH RI HDFK RI WKHVH FRFFLQHOOLGV RYHUODSV ZLWK
WKH UDQJH RI H. axyridis LQ WKH 86$ VHH *RUGRQ
 DQG DOO WKUHH ZHUH IRXQG DOEHLW UDUHO\ DW
WKH IHHGLQJ VLWH LQ WKLV VWXG\ 7KH IDFW WKDW QRQH
ZHUH LQIHFWHG ZLWK H. virescens SUREDEO\ ZDV GXH
WR WKH DSSDUHQWO\ VPDOO SRSXODWLRQ VL]H RI WKH
WKUHH VSHFLHV LQ DQG DURXQG WKH VWXG\ VLWH
:KHWKHU RU QRW H. virescens FDQ VSUHDG IURP H.
axyridis WR DQRWKHU VSHFLHV PD\ GHSHQG RQ WKH
IUHTXHQF\ DQG GXUDWLRQ RI LQWHUVSHFLILF FRQWDFW
EHWZHHQ DGXOWV $OWKRXJK RYHUZLQWHULQJ
DJJUHJDWLRQV RI PL[HG VSHFLHV 0DMHUXV D
&KULVWLDQ  DUH OLNHO\ WR HQFRXUDJH
LQWHUVSHFLILF FRQWDFW WKH FRPPRQQHVV RI SK\VLFDO
FRQWDFW EHWZHHQ GLIIHUHQW VSHFLHV DW IHHGLQJ VLWHV
KDVQRWEHHQUHSRUWHGWRP\NQRZOHGJH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH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Figure 5 0HDQ6(0SHUFHQWDJHRILQIHFWHG H. axyridis DGXOWVZLWK H. virescens WKDOOLRQERG\SDUWVLQ-XO\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$XJXVWB6HSWHPEHUC2FWREHUDDQGSRROHGIRUWKHVHDVRQE%RG\SDUWVLQFOXGHGHO\WUD(O
PHVRDQGPHWDWKRUD[00WDQGDEGRPHQ$E,Q-XQHQ REVHUYDWLRQVSHUERG\SDUWLQFOXGLQJPDOHV
IHPDOHVLQ-XO\Q REVHUYDWLRQVPDOHVIHPDOHVLQ$XJXVWQ REVHUYDWLRQVPDOHVIHPDOHV
LQ6HSWHPEHUQ REVHUYDWLRQVPDOHVIHPDOHVDQG2FWREHUQ REVHUYDWLRQVPDOHVIHPDOHV)RU
WKHVHDVRQQ REVHUYDWLRQVPDOHVIHPDOHV
$OWKRXJK VHDVRQORQJ LQIHFWLRQ UDWHV ZHUH QRW
LQIOXHQFHG VLJQLILFDQWO\ E\ KRVW JHQGHU LQ 
DQG  YDULDELOLW\ LQ LQIHFWLRQ UDWHV EHWZHHQ
FROOHFWLRQ GDWHV ZDV PRUH SURQRXQFHG IRU IHPDOHV
WKDQ PDOHV DW OHDVW LQ  *DUFpV DQG :LOOLDPV
 IRXQG WKDW LQIHFWLRQ RI H. axyridis PDOHV
DQG IHPDOHV LQ -XO\ WKURXJK $XJXVW  ZDV 
DQG  UHVSHFWLYHO\ EXW LQIHFWLRQ RI PDOHV DQG
IHPDOHV LQ 2FWREHU WKURXJK 1RYHPEHU  ZDV
 DQG  UHVSHFWLYHO\ PDOHV ZHUH PRUH
DEXQGDQWWKDQIHPDOHVLQIDOOFROOHFWLRQV
7KH IDFW WKDW LQIHFWLRQ RI IHPDOHV ZDV QRW
FRUUHODWHG ZLWK IHPDOH DEXQGDQFH LQ HLWKHU
VHDVRQ DQG LQIHFWLRQ RI PDOHV ZDV FRUUHODWHG ZLWK
PDOH DEXQGDQFH RQO\ LQ  QHJDWHV WKH
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
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DQG KRVW DEXQGDQFH IURP RQH \HDU WR WKH QH[W
8QGRXEWHGO\ WKH SDUDVLWH PXVW GHSHQG RQ WKH
DYDLODELOLW\ RI KRVWV WR VXVWDLQ LWV SRSXODWLRQ LQ D
JLYHQ ORFDOLW\ $ QXPEHU RI KRVW UDWKHU WKDQ
SDUDVLWHUHODWHG IDFWRUV FRXOG DFFRXQW IRU WKH ODFN
RI FRQVLVWHQW FRUUHODWLRQV 2QH VXFK IDFWRU FRXOG
EH WKH DJH VWUXFWXUH RI EHHWOHV DW WKH IHHGLQJ VLWH
7KH SRWHQWLDO RYHUODS RI JHQHUDWLRQV GXULQJ WKH
VXPPHU DQG HDUO\ IDOO PLJKW FRUUHVSRQG LQ VRPH
LQVWDQFHV ZLWK WKH YDULDELOLW\ LQ LQIHFWLRQ UDWHV
7KH SURSRUWLRQ RI QHZO\PHWDPRUSKRVHG H.
axyridis PDOHV PLJKW HTXDO RU H[FHHG WKH
SURSRUWLRQ RI ROGHU RYHUZLQWHUHG LQGLYLGXDOV DW
WKH VWXG\ VLWH HYHQ WKRXJK H. axyridis DUH NQRZQ
WR OLYH XS WR WKUHH \HDUV 6DYRwVND\D 
in1DOHSD HW DO  6LQFH SK\VLFDO HQFRXQWHUV
EHWZHHQ KRVW FRQVSHFLILFV UDWKHU WKDQ
SDUDVLWHLQGXFHG GLVSHUVDO RU ZLQG GLVSHUVDO DUH
WKRXJKW WR SUHFLSLWDWH WKH VSUHDG RI H. virescens
DVFRVSRUHV WKURXJKRXW D KRVW SRSXODWLRQ
LQIHFWLRQ UDWHV ZRXOG W\SLFDOO\ EH KLJKHU IRU
RYHUZLQWHUHG UDWKHU WKDQ QHZ JHQHUDWLRQ DGXOWV DW
WKH IHHGLQJ VLWH H. axyridis FDQ SURGXFH ±
RYHUODSSLQJ JHQHUDWLRQV SHU \HDU VHH /D0DQD
DQG 0LOOHU  .DWVR\DQQRV HW DO  1DXOW
DQG .HQQHG\  %D]]RFFKL HW DO 
GHSHQGLQJ RQ FOLPDWH 1HZO\HPHUJHG ILUVW
JHQHUDWLRQ H. axyridis DGXOWV ZHUH IRXQG RQ D
SRGRFDUS WUHH Podocarpus VS IHHGLQJ RQ
DSKLGV LQ ODWH )HEUXDU\  LQ VRXWKHUQ
0LVVLVVLSSL 7HGGHUV DQG 6FKDHIHU 
8QIRUWXQDWHO\ WKH DJH RU JHQHUDWLRQ RI H.
axyridis DGXOWV FROOHFWHG LQ WKLV VWXG\ ZDV QRW
DVVHVVHG ,QGLYLGXDOV ZLWK D GHHSUHG HO\WUDO FRORU
PD\ UHSUHVHQW ROGHU H J RYHUZLQWHUHG DGXOWV
DQG WKRVH ZLWK D SDOH \HOORZRUDQJH HO\WUDO FRORU
PD\ UHSUHVHQW QHZ JHQHUDWLRQ DGXOWV EXW QR
DWWHPSW WR PRQLWRU WKH IUHTXHQF\ RI WKHVH
GLIIHUHQW FRORU SDWWHUQV DW HDFK FROOHFWLRQ GDWH ZDV
PDGH1REODFNPRUSKVZHUHHYHUVHHQDWWKHVLWH
=HUP DQG $GLV  UHYHDOHG WKDW WKH DJH
VWUXFWXUH RI SRSXODWLRQV RI WKH FDUDELG P.
aequinoctialis bifasciata FDQ LQIOXHQFH WKH
SUHYDOHQFH RI LWV SDUDVLWH L. phaeoxanthae
LQKDELWLQJ DQ $PD]RQLDQ IORRGSODLQ LQ %UD]LO
'XULQJ SHULRGV RI ORZ DEXQGDQFH $SULO WR 0D\
$SULO WR 0D\  D GLVSURSRUWLRQDWH
QXPEHU RI EHHWOHV UHSUHVHQWHG WKH ROGHU UDWKHU
WKDQ WKH QHZ JHQHUDWLRQ 7KXV IXOO\VFOHURWL]HG
PDWXUH UDWKHU WKDQ LPPDWXUH FDUDELG IHPDOHV
ZHUH PRUH RIWHQ LQIHFWHG /DUYDO DQG SXSDO VWDJHV
RI EHHWOH KRVWV DUH SUREDEO\ QHYHU LQIHFWHG VLQFH
VHYHUDO ZHHNV DUH UHTXLUHG IRU H. virescens WR
GHYHORS IURP DQ DVFRVSRUH WR D PDWXUH WKDOOXV
6WUDQGEHUJ DQG 7XFNHU  'H .HVHO 
1HZ JHQHUDWLRQ EHHWOHV ZRXOG QRW KDUERU PDWXUH
WKDOOL EHFDXVH GHYHORSLQJ WKDOOL ZRXOG EH VKHG
DORQJ ZLWK WKH H[XYLD DW HDFK PROW 3HUKDSV
PDWLQJ DQG QRQPDWLQJ SK\VLFDO FRQWDFWV EHWZHHQ
H. axyridis DGXOWV RI GLIIHUHQW JHQHUDWLRQV GXULQJ
VXPPHU DQG IDOO LQFUHDVHV WKH RSSRUWXQLWLHV IRU
SHUVLVWHQFH RI H. virescens ZLWKLQ WKH KRVW
SRSXODWLRQ
$OWKRXJK FRFFLQHOOLG DEXQGDQFH FDQ IOXFWXDWH
IURP ZHHN WR ZHHN GXH WR UDQGRP PRYHPHQW
LQWR DQG DZD\ IURP WKH VLWH 'XWFKHU HW DO 
WKH DEXQGDQFH RI SRWHQWLDO SUH\ RQ SHFDQ IROLDJH
PD\ KDYH LPSDFWHG H. axyridis DEXQGDQFH DW WKH
VLWH 6HYHUDO VWXGLHV KDYH VKRZQ WKDW WKH
DEXQGDQFH RI H. axyridis DQG RWKHU FRFFLQHOOLGV
FDQ LQFUHDVH LQ UHODWLRQ WR DQ DEXQGDQFH RI DSKLGV
(GHOVRQ DQG (VWHV  /D5RFN DQG (OOLQJWRQ
 %URZQ  5XWOHGJH HW DO  OHDGLQJ
WR DQ LQIOX[ RI FRFFLQHOOLGV IURP QHLJKERULQJ
KDELWDWV $SKLG SRSXODWLRQV ZHUH QRW PRQLWRUHG
LQWKLVVWXG\
:HDWKHU FRQGLWLRQV PLJKW KDYH LQIOXHQFHG WKH
UDWH RI LQIHFWLRQ DW WKH VWXG\ VLWH $OWKRXJK
WHPSHUDWXUH DQG KXPLGLW\ ZHUH YHU\ VLPLODU DW
WKH VLWH GXULQJ WKH WLPH WKDW EHHWOHV ZHUH
FROOHFWHG PRQWKO\ UDLQIDOO DQG WHPSHUDWXUH
UHDGLQJV ZRXOG SUREDEO\ SURYLGH D EHWWHU
DVVHVVPHQW RI ZKHWKHU RU QRW ZHDWKHU ZDV
LQIOXHQWLDO 7KH GHYHORSPHQW RI H. virescens IURP
DVFRVSRUH WR PDWXUH WKDOOXV UHTXLUHV QHDUO\ D
PRQWK XQSXEOLVKHG REVHUYDWLRQV :DUP DQG
KXPLG FRQGLWLRQV DSSHDU WR SURPRWH WKDOOXV
GHYHORSPHQW DQG WUDQVPLVVLRQ LQ WKH ODERUDWRU\
5LGGLFN DQG 6FKDHIHU  VXJJHVWLQJ WKDW
WKHVH FRQGLWLRQV ZRXOG EH FRQGXFLYH IRU H.
virescens WUDQVPLVVLRQ WR XQLQIHFWHG KRVWV LQ WKH
ILHOG :HOFK HW DO  UHYHDOHG WKDW WKH
SUHYDOHQFH RI H. virescens LQIHFWLRQ RI A.
bipunctata ZDV PRUH SURQRXQFHG LQ FHQWUDO
/RQGRQ WKDQ DW WKH SHULSKHU\ RI WKH FLW\ LQ 0D\
 7KH VOLJKWO\ ZDUPHU WHPSHUDWXUHV LQ WKH
FHQWHU RI /RQGRQ LQ FRQMXQFWLRQ ZLWK WKH
SROOXWLRQ FDXVHG E\ XUEDQL]DWLRQ PLJKW KDYH
SURYLGHG FRQGLWLRQV IRU VXVWDLQHG DSKLG
SRSXODWLRQ JURZWK OHDGLQJ WR A. bipunctata
UHSURGXFWLRQ DQG LQWHUJHQHUDWLRQDO PDWLQJ
:HOFK HW DO  8UEDQL]DWLRQ DQG SROOXWLRQ
IURP FDUV KDYH EHHQ OLQNHG WR DSKLG SRSXODWLRQ
JURZWK VHH 'RKPHQ HW DO  %ROVLQJHU DQG
)OFNLJHU
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9RO_$UWLFOH Thallus density and distribution
7KH REVHUYDWLRQ WKDW H. axyridis PDOHV UDWKHU
WKDQ IHPDOHV XVXDOO\ KDG PRUH H. virescens RQ
WKH LQWHJXPHQW VXJJHVWV WKDW PDOH EHHWOHV DUH
SRWHQWLDOO\ PRUH DFWLYH DW IHHGLQJ VLWHV
&RQVHTXHQWO\ PDOHV FRXOG FRQWDFW PRUH
FRQVSHFLILFV ZKLFK LQFUHDVHV WKH RSSRUWXQLWLHV
IRU VSUHDG RI WKLV IXQJXV 5LGGLFN DQG 6FKDHIHU
 REVHUYHG WKDW RYHUZLQWHULQJ PDOHV
KDUERUHG PRUH H. virescens WKDOOL WKDQ IHPDOHV
7KH\ VXJJHVWHG WKDW PDOHV ZHUH PRUH DFWLYH DW WKH
VLWH UHVXOWLQJ LQ PRUH ERGLO\ FRQWDFW EHWZHHQ
LQGLYLGXDOV DQG LQFUHDVHG RSSRUWXQLWLHV IRU
VSUHDGRILQIHFWLRQWRPDOHV
7KH GHQVLW\ DQG GLVWULEXWLRQ RI WKDOOL RQ IHPDOH
EHHWOHV LQ WKLV VWXG\ FORVHO\ UHVHPEOHG ZKDW ZRXOG
EH H[SHFWHG LI WUDQVPLVVLRQ RFFXUUHG ZKHQ EHHWOHV
PDWHG $FFRUGLQJ WR D VH[XDO WUDQVPLVVLRQ
K\SRWKHVLV VHH :HOFK HW DO  WKH SRVLWLRQLQJ
RI WKDOOL RQ WKH GRUVXP RI IHPDOHV DQG YHQWUXP RI
PDOH FRQVSHFLILFV UHIOHFWV WKH SRVLWLRQ RI D PDOH
RQ WRS RI D IHPDOH ZKLOH in-copula )RU H[DPSOH
:HOFK HW DO  LQGLFDWHG WKDW  RI A.
bipunctata PDOHV FROOHFWHG LQ -XQH  LQ
FHQWUDO /RQGRQ KDG H. virescens WKDOOL RQ WKH
YHQWUXP RQO\  KDG WKDOOL RQ WKH GRUVXP
RQO\ DQG  KDG WKDOOL RQ ERWK WKH YHQWUXP
DQG GRUVXP 6RPH  RI A. bipunctata IHPDOHV
IURP WKH VDPH VDPSOLQJ SHULRG DQG ORFDWLRQ KDG
WKDOOL RQ WKH GRUVXP RQO\  KDG WKDOOL RQ WKH
YHQWUXP RQO\ DQG  KDG WKDOOL RQ ERWK
GRUVXP DQG YHQWUXP ,Q DGGLWLRQ *DUFpV DQG
:LOOLDPV  VWDWHG WKDW H. virescens LQIHFWLRQ
ZDV FRQFHQWUDWHG RQ WKH YHQWURSRVWHULRU RI H.
axyridis PDOHV DQG WKH GRUVRSRVWHULRU RI IHPDOHV
IRXQG LQ FURS ILHOGV LQ QRUWKHUQ 2KLR LQ VXPPHU

7KH REVHUYDWLRQ WKDW PDOHV XVXDOO\ KDG MXVW DV
PDQ\ RU PRUH PDWXUH WKDOOL RQ WKH GRUVXP DV RQ
WKH YHQWUXP DV VHHQ LQ WKH VHDVRQDO DYHUDJHV
 DQG  LQ WKLV VWXG\ ZDV QRW H[SHFWHG LQ
OLJKW RI SUHYLRXV VWXGLHV 7KH REVHUYDWLRQ WKDW
DSSUR[LPDWHO\  DQG  RI H. axyridis PDOHV
DQG IHPDOHV UHVSHFWLYHO\ IURP WKH VHDVRQDO
DYHUDJH  KDG H. virescens PDWXUH WKDOOL RQ
WKH GRUVXP LQ WKLV VWXG\ FRUURERUDWHV ZLWK
REVHUYDWLRQV RI WKDOOXV GHQVLW\ DQG GLVWULEXWLRQ
RQ EHHWOHV IRXQG RYHUZLQWHULQJ LQ DQ REVHUYDWLRQ
WRZHU LQ D UHFHQW VWXG\ 5LGGLFN DQG 6FKDHIHU
 &OHDUO\ D VH[XDO WUDQVPLVVLRQ K\SRWKHVLV
FDQQRW DFFRXQW IRU SUHYDOHQFH RI WKDOOL RQ WKH
GRUVXP RI PDOH EHHWOHV VLQFH PDOHV DUH WKRXJKW
WR WUDQVIHU H. virescens IURP WKH YHQWUXP WR WKH
GRUVXPRIIHPDOHVZKLOHPDWLQJ
2QH H[SODQDWLRQ IRU WKH RFFXUUHQFH RI H.
virescens RQ WKH GRUVXP RI H. axyridis LQ WKLV
VWXG\ LV WKDW D VLJQLILFDQW SURSRUWLRQ RI LQIHFWHG
EHHWOHV DW WKH IHHGLQJ VLWHV FRXOG YHU\ ZHOO
UHSUHVHQW RYHUZLQWHUHG DGXOWV %HHWOHV RYHUZLQWHU
ZLWKLQ DJJUHJDWLRQV DQG QRQPDWLQJ DVVRFLDWHG
VSUHDG RI H. virescens PLJKW RFFXU DW WKHVH VLWHV
SULRU WR WKH RQVHW RI FROG ZHDWKHU $Q DOWHUQDWLYH
H[SODQDWLRQ IRU WKH SUHYDOHQFH RI H. virescens
WKDOOL RQ WKH GRUVXP RI PDOH EHHWOHV LV WKDW PDOHV
RIWHQ FRQWDFW FRQVSHFLILF PDOHV DW WKH IHHGLQJ VLWH
0DMHUXV  D VWDWHG WKDW UHSURGXFWLYHO\
PDWXUH PDOHV RIWHQ PRXQW FRQVSHFLILFV
LUUHVSHFWLYH RI JHQGHU ZKHQ HQFRXQWHUV DULVH LQ
WKH ILHOG $ FRQWDFW UDWKHU WKDQ DLUERUQH
SKHURPRQH PD\ RU PD\ QRW EH LQYROYHG LQ
DWWUDFWLRQ RI PDOHV WR UHFHSWLYH IHPDOHV
+HPSWLQQH HW DO  +HPSWLQQH HW DO 
,Q HLWKHU FDVH PDOHV PXVW SK\VLFDOO\ FRQWDFW WKH
LQWHJXPHQW RI DQRWKHU LQGLYLGXDO E\ XVLQJ
PD[LOODU\ SDOSDH +HPSWLQQH HW DO  RU
DQWHQQDH -RXUGDQ HW DO  EHIRUH VSHFLHV
UHFRJQLWLRQ FDQ RFFXU 6LQFH VRPH FRFFLQHOOLGV
PDWH PRUH WKDQ RQFH DQG D PDWLQJ SDLU FDQ
UHPDLQ in-copula IRU VHYHUDO KRXUV 0DMHUXV
E LW LV UHDVRQDEOH WR VXJJHVW WKDW DQ DFWLYH
H. axyridis PDOH ZLOO HQFRXQWHU QXPHURXV
FRQVSHFLILF PDOHV DQG IHPDOHV DW WKH IHHGLQJ VLWH
HDFK JURZLQJ VHDVRQ 3HUKDSV WKH EULHI WLPH
SHULRG RI SK\VLFDO FRQWDFW EHWZHHQ WZR PDOHV LV
VXIILFLHQW IRU H[SXOVLRQ RI DVFRVSRUHV IURP PDWXUH
WKDOOL LH SHULWKHFLXP SURSHU RQ WKH YHQWUXP RI
RQH PDOH RQWR WKH GRUVXP RI WKH RWKHU PDOH 7KH
FRQGLWLRQV IDYRUDEOH WR DVFRVSRUH H[SXOVLRQ LQ
UHODWLRQ WR ERG\ PDVV DQG WLPH RI ERGLO\ FRQWDFW
EHWZHHQ SDLUHG FRQVSHFLILF EHHWOHV DUH QRW ZHOO
NQRZQ
,Q FRQFOXVLRQ WKH GHWHFWLRQ RI WKH SDUDVLWLF
IXQJXV H. virescens RQ WKH PXOWLFRORUHG $VLDQ
ODG\ EHHWOH LQ 0LVVLVVLSSL LV UHSRUWHG KHUH IRU WKH
ILUVW WLPH 7KH SUHGRPLQDQFH RI PDWXUH WKDOOL RQ
WKH GRUVXP DQG YHQWUXP RI H. axyridis PDOHV LQ
WKH ILHOG LQ VXPPHU DQG HDUO\ IDOO VXJJHVW WKDW
EHKDYLRUV RWKHU WKDQ KHWHURVH[XDO PDWLQJ
FRQWULEXWH WR WKH GLVWULEXWLRQ RI H. virescens RQ
H. axyridis +RUL]RQWDO WUDQVPLVVLRQ RI H.
virescens RQWR H. axyridis DGXOWV RI GLIIHUHQW
JHQHUDWLRQV DW IHHGLQJ VLWHV PLJKW EH YLWDO WR
PDLQWDLQLQJ VWDEOH SRSXODWLRQV RI WKH IXQJXV IURP
\HDUWR\HDU
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GRHV QRW FRQVWLWXWH DQ HQGRUVHPHQW RI WKH
SURGXFWE\WKH86'$
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